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The output of cercariae of Fasciola hepatica by Lymnaea truncatula and the distribution of metacercariae on grass BY J. K. M. HODASI Zoology Department, University of Ghana, Legon, Ghana [Received 20 May 1971) In many infection experiments attention has been focused mainly on the rate of the larval development of F. hepatica and the number of rediae and mature cercariae produced by infected L. truncatula (Kendall, 1949; Roberts, 1950; Boray, 1969) . Very little consideration has been given to the actual numbers of cercariae which emerge from infected snails. Knowledge of the output of cercariae from infected snails is of importance in the design of control measures because the level of infection of domestic animals will be related to the number of freed cercariae which emerged from infected snails.
When cercariae emerge from the body of the snail they encyst on herbage. The actual emergence and the behaviour of the newly emerged cercariae have been described in detail by Kendall & McCullough (1951) . The survival of the metacercariae serves to maintain the life-cycle of F. hepatica during periods which are unsuitable for the production of cercariae. Shirai (1927) , Ross & McKay (1929) and Boray & Enigk (1964) have all demonstrated that the survival of metacercariae depends on the environmental conditions, especially on the relative humidity and the temperature. Similar effects of temperature and relative humidity on the metacercariae of .F. gigantica have been reported by Alicata (1938) . There seems, however, to be no information on the actual distribution of metacercariae on the herbage.
The aim of the following experiments is twofold: (a) to determine the output of cercariae of F. hepatica from infected L. truncatula and (b) to investigate the distribution of the metacercariae (cercarial cysts) on grass and the possibility of vertical migration of the cercariae before cyst formation.
MATERIALS AND METHODS
(a) Output of cercariae Eight snails were used in the experiment, six infected and two controls. Four of the snails were 2 weeks old at the time of infection and two were 4 weeks of age. Each infected snail was exposed to five newly hatched miracidia in a flat-bottomed glass tube containing a few drops of water. The two age-groups chosen for infection represented young and fully mature snails. The snails were individually cultured on algae with Oscillatoria sp. predominating in 8 by 12 cm oval glass dishes which were kept at 16-22 C C in the laboratory. The culture dishes were changed thrice use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0031182000044644 weekly so that each snail had abundant food supply throughout the experimental period. Each dish was examined twice a week under a dissecting binocular microscope and the encysted cercariae (metacercariae) were counted. During the examination the snails were disturbed as little as possible to induce cercarial shedding under simulated field conditions. For this reason they were not transferred into water for long periods to induce cercarial shedding as is the standard practice.
(b) Distribution of metacercariae on grass
Grass (Dactylis glomerata) was grown on clay soil in a glass container until some of the leaves commenced to die. Alternatively a tuft of grass about 10 cm high was removed with some soil and placed in glass dishes, and the dish containing the grass was filled with water to a depth of 3 cm. Infected Lymnaea truncatula were chilled at 5 °C in a refrigerator for 30 min or at 10 °C for 1 h to stimulate shedding of cercariae. Alternatively mature cercariae were liberated mechanically by crushing the shell of the snails. The chilled snails were introduced into the water of the potted grass and shedding of cercariae took place about 1 h later. A period of about 2 h was allowed for the cercariae to encyst. The grass was then divided into the following categories for examination: floating leaves; leaves and stems above the water surface; submerged leaves and stems. Each item was examined under a dissecting binocular microscope and the number of cysts and their location were recorded.
RESULTS (a) Output of cercariae
The data on the weekly output of cercariae of six infected and individually cultured snails are presented in Table 1 . It is clear from the data that the pattern of cercarial shedding was irregular. The duration of shedding also varied from snail to snail. Cercarial shedding in all the four snails infected at 2'weeks of age commenced during the sixth week after infection. Two snails died when cercariae had been released for 4 weeks, one after 5 weeks. In snails infected at 6 weeks of age cercarial emergence started during the eighth week after infection. One snail died after shedding cercariae for 7 weeks and the other died soon after the cercariae had started to emerge. Although the weekly totals of the metacercariae formed showed considerable variation it was observed that when shedding of cercariae started there was no interruption until the death of the snails. It is interesting that in four out of five cases there was a reduction in the numbers of cercariae which were shed in the week preceeding the death of the host. Routine post-mortem examination revealed large numbers of unshed cercariae in all the snails. For technical reasons it was impossible to record the number of cercariae in the dead snails.
There was considerable variation in the total outputs of cercariae of individual snails. Between 4 and 1789 cercariae emerged from each snail. The average number of cercariae per snail was 594. The estimated number of cysts produced by each miracidium, assuming that each snail became infected with all the five miracidia, was about 120.
(6) Distribution of metacercariae on grass Summarized data of the distribution of metacercariae on the leaves and stems of grass are shown in Table 2 . The distribution of the cysts on the lower and upper surfaces of the grass blades is shown in Table 3 , while the frequency distribution of cysts on leaves and stems is presented in Table 4 . Control snails In a first experiment all the metacercariae were found on the lower surface of both submerged and floating leaves. Of interest was the absence of cysts on dead, brown, submerged leaves as well as on withered, green leaves, whether these were submerged or floating. Seventy-five cysts were observed on 10 green leaves and 35 were seen on 7 green stems, but no cercariae encysted on brown stems.
Of the 30 green leaves examined in a second experiment 22 carried 110 cysts; 7 of the 36 brown leaves were infected with 24 metacercariae. While 66 cysts were recovered from the lower epidermis of submerged leaves only 6 were seen on the upper epidermis. Metacercariae encysted on both the lower and the upper surfaces of 3 green leaves. 8 of 17 stems had 23 cysts.
In a third experiment 33 of the 51 green leaves had 113 cysts; no cysts were found on 15 brown leaves examined. Fifteen green stems were infected with 105 cysts but cysts were absent on brown stems. While 64 cysts were recovered from the lower epidermis of submerged leaves only 14 occurred on the upper epidermis. Cysts were found on both surfaces of 9 leaves.
In all the experiments most of the cercariae encysted on parts of the stems and leaves nearest the water surface (i.e. to a depth of 1 cm), a few cysts were found on the middle submerged parts and practically none was observed on the bottom use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0031182000044644 parts, i.e. parts of the grass close to the soil surface. Those cercariae which encysted on the glass wall were concentrated just below the water surface. Thus there was a zonal distribution of metacercariae on the submerged parts of the grass. Numbers in parenthesis refer to floating leaves. Other numbers refer to submerged leaves.
It is clear from the results that more cysts were formed on the green leaves and stems than on the brown ones. Furthermore, not only did more cercariae encyst on the lower than the upper surface but also more leaves had cysts on the lower than the upper surface. In mixed cases, i.e. where cysts occurred on both sides of the same leaf, there were still more cysts on the lower than on the upper surface of the leaves.
(c) Vertical migration of cercariae on grass
While studying the distribution of metacercariae on grass consideration was given to possibility of a vertical migration of the cercariae out of the water before they encysted. The leaves and stems projecting from the water surface were use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0031182000044644 Downloaded from https://www.cambridge.org/core. IP address: 54.191.40.80, on 14 Jul 2017 at 12:49:12, subject to the Cambridge Core terms of examined for cercarial cysts. When present, the distance between the cysts and the water level was measured.
Out of the 60 stems examined in the three separate experiments 30 carried cysts and of these only 3 had cysts above the water surface. The 5 metacercariae which encysted on the 3 stems were found 1-0-4-0 mm (average distance was 2-9 mm) above the water surface. No leaves, either green or brown, were found infected with cysts above the water surface. Of the 485 cercariae which encysted on grass blades and stems only 5 (1-03 %) were found above the water surface. Thus vertical migration above the water surface did not usually occur before cyst formation. Krull (1941) exposed Pseudosuccinea columella to one miracidium of F. hepatica and noticed that one infected snail died without shedding any cercariae; the other snails shed between 14 and 613 cercariae before they died. Lo (1967) infected Segmentina hemisphaerula with Fasciolopsis buski and found that 112 to 1515 cercariae emerged from the snails before their death. He further stated that larger snails produced more cercariae and survived longer than smaller specimens. Sturrock (1967) working on Bulinus nasutus productus infected with ScMstosoma haematobium recorded 12 to 5138 cercariae from the snails.
For successful completion of the life-cycle of the fluke large numbers of cercariae must be shed from the snail hosts. The present data suggest that the number of cercariae of F. hepatica emerging from L. truncatula was relatively small compared use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0031182000044644 with the number formed inside the snail. Thus there appears to be great wastage in the production of cercariae. The shedding of cercariae in small numbers over prolonged periods, however, has some advantages. Not only will it ensure the emergence of appreciable numbers of cercariae before the death of the snail but it will also enable some cysts to escape any adverse conditions in the environment.
The results clearly demonstrate that more metacercariae are formed on the green parts of the plant than on the brown or dead parts. It would appear that the green leaves and stems exert more attraction on the moving cercariae than do the brown ones. It is possible that the epidermal cells may secrete or exude some chemical substance which influences movement of the cercariae. The greater concentration of this substance on the lower than the upper surface of the leaves would explain the differential distribution of the cysts on the epidermal surfaces. This field needs further investigation to verify the validity of this hypothesis. In the pasture grazing animals have a definite preference for the greener areas. Consequently the possibility of a cyst being taken with the herbage is greater when it is located on the green parts of the grass.
The results also indicate that the lower surface of green leaves is preferred to the upper one for cyst formation. In floating leaves the side of the leaf in contact with the water surface is the factor limiting the site of cercarial encystment. Thus for accurate assessment of metacercariae distribution on the lower and upper surfaces consideration must be given to submerged leaves only. In submerged leaves both sides of the leaf are exposed to free-swimming cercariae and therefore each surface has an equal opportunity of being selected as the site for cyst formation.
The survival of metacercariae depends on the environmental conditions, especially the temperature and the relative humidity (Ross & McKay, 1929; Boray & Enigk, 1964; Kendall, 1965) . Cysts formed on the lower surface of leaves will be less exposed to the direct influence of sunlight and heat than those that occur on the upper surface. The concentration of cysts on the lower surface should therefore be seen as an adaptation to ensure their survival.
The vertical zonation of metacercariae on grass in water is a further adaptation to ensure the successful completion of the life-cycle. Cysts which occur on the upper parts of the herbage stand a better chance of being eaten with the grass than those that are formed near the base. Sinitsyn (1914) observed that cercariae may not only encyst at or slightly below water surface but that 0-51 % may encyst on plants to a depth of 2 cm. Ross & McKay (1929) observed that in shallow water not more than 2 cm deep about 6 % of cercariae would encyst on the bottom of the dish rather than on water weeds or the walls of the dish. They also found that where the water was less than 2 cm in depth up to 10 % of cercariae encysted on the bottom. The present observations corroborate their findings. According to Ross (1930) cercariae will encyst at very much greater depths (up to about 7-5 cm) under laboratory conditions. Ross pointed out that encystment well below the water surface increases the possibility of survival of such cercariae during dry summer weather. He further believed that cercariae which encyst on the bottom of the mud may be dispersed by heavy rains to places far removed from the usual sources of infection. The frequency distribution of metacercariae on the leaves and the stems of grass, see Table 4 , is not random, i.e. does not fit a Poisson distribution. Here the variance greatly exceeds the mean value. One would not expect a random distribution of metacercariae on herbage because of the limited lateral distance covered by the swimming cercariae. Since more cysts are formed near the water surface there is a tendency for vertical migration in the water medium among the freeswimming cercariae. As has been shown, the distribution of cysts on grass is influenced by the condition of the grass itself. The second factor which will influence metacercarial distribution is the actual location of the herbage in the vicinity of cercarial emergence. Leaves or herbage close to the source of cercarial shedding will have more cysts formed on them. Thus the farther away the leaf from the cercariae the less its chances of receiving a cyst. Consequently, clumping of metacercariae in localized areas of the pasture will occur.
Little is known about possible vertical migration of cercariae out of water before they encyst. Sinitsyn (1914) , however, observed that a very small percentage (0-15%) of cercariae may encyst up to 2 cm above the water surface, indicating that vertical migration on herbage was possible. To be able to swim the cercariae require water or moisture. The possibility of crawling movements by the cercariae out of water cannot be totally discarded. In the present investigations the few cysts that were formed above the water surface were seen on the stems only. No metacercariae were found on leaves projecting out of the water. Capillarity was evident around the grass stems but not the leaves. The grass stem with its loose but relatively close packing of leaves and leaf stalks would serve as a much better structure for capillary attraction of water than the individual leaf blades. Moisture or water prolongs the life of the metacercariae but cysts that are formed out of the water will experience immediate desiccation.
SUMMABY
It has been demonstrated that under normal laboratory conditions Lymnaea truncatula infected with Fasciola hepatica are not able to shed all their cercarial loads before their death. Cercariae are irregularly released over an extended period and considerable variations (4-1789) occur in their output.
Laboratory studies have revealed that the green parts of grass (Dactylis glomerata) are preferred to the brown, dead parts by the cercariae of Fasciola hepatica for metacercariae formation. More cysts are formed on the lower surface of submerged leaves than on the upper surface.
There is vertical zonation of metacercariae on grass in water. More cysts occur on the upper parts of submerged grass than on the lower parts.
Vertical migration of cercariae after settling does not usually occur before cyst formation.
The results are tabulated and discussed and correlated with conditio s in the field.
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